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ABSTRACT 

The p r o b a b i l i t y  of hydrogen i o n i z a t i o n  from t h e  ground 

s t a t e  by e l e c t r o n  impact has  peen computed on the  b a s i s  of expe- 

r imenta l  d a t a  C51. These r e s u l t s  a r e  compared with those of 

o t h e r  authors .  

COVER-TO-COVER TRANSLATION 

Hydrogen i o n i z a t i o n  i n  the  s-olar chromosphere and corona 
r -- 

t akes  place mainly as a consequence of neutral. atom c o l l i s i o a s  
f-' 

with e l ec t rons ,  The p r o b a b i l i t y  of t h i s  process v a l i d  from the  

l e v e l  n I s  

arid was computed by a s e r i e s  of au thors  El - 41. The discrepan- 

c i e s  between the  r e s u l t s  obtained a r e  explained by the  v a r i a t i o n  

of approximate formulae u t i l i z e d  f o r  t'he d i f f e r e n t i a l  e f f e c t i v e  

m 
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cross-sect ion q (x). A t  t he  same time f o r  i o n i z a t i o n  from a 

ground l e v e l  t he  most r e l i a b l e  a r e  €he experimental values of 

q (E) obtained by F i t e  and Brackmann C51, who measured the  

e f f e c t i v e  c ross  s e c t i o n s  e s p e c i a l l y  f o r  cases  of low energies .  

The i r  r e s u l t s ,  t oge the r  nrith the  var ious  approximations appl ied ,  

a r e  p l o t t e d  i n  F ig ,  1. 

Fig.  1. Ef fec t ive  i o n i s a t i o n  c ross  s e c t i o n  of hydrogen from the  
ground s t a t e  : I - heavy s o l i d  l i n e  - observat ions C51; 2- dash 
correspond t o  formula (2 ) ;  3 - do t s  - t o  formula by Thomson C41; 
4 - t h i n  s o l i d  l i n e  -- Fabrikant  formula C61; 5 - dash-dotted l i n e  - the  " b o r n o ~ ~ ~  approximation used i n  re ferences  Cll and C21. 

To condit ions i n  s o l a r  chromosphere and corona, i n  which 

e l e c t r o n  temperature T, 6 l o 6  OK, correspond t h e  mean e l ec t ron  

energ ies  E ,C90eVbTha t  is why we a r e  i n  f a c t  i n t e r e s t e d  i n  t h e  

form of the  dependence q (E) . for  E < 200 -- 300 eV, As may be seen 

from Fig. 1, the  ttbornovtf approximation used by V, M. Sobolev i n  

E l ]  and by S h u o v s k i y  i n  [Z], begins t o  g e t  nea re r  the  experimen- 

tal d a t a  p r e c i s e l y  i n  t h a t  energy r a g e .  That is why Sobolev re- 

presented these  d a t a  i n  h i s  subsequent work C3l with the  a i d  of  

Fabr ikant ' s  empir ical  formula C61, which g ives  underrated r e s u l t s  

f o r  g rea t  values.  A,  B, 'Se~rernyy C41 appl ied f o r  the  e f f e c t i v e  

i o n i z a t i o n  c ross  s e c t i o n  the  T h o ~ o n . f o r m u l a ,  represent ing  well  
# 

the.experimental  curve near  the  i o n i z a t i o n  threshold.  However 

t h e  maximum of t h i s  curve takes  place e a r l i e r  than t h a t  of the  

experimental curve. 



d--. 

Fig ,  2 

A b e t t e r  approximation is 

i s  c o n s t i t u t e d  by t h e  fol lowing empi- 

r i c a l  formula ob ta ined  by us : 

where a = u . 3 ,  and E is expressed i n  

e l ec t ron -vo l t s  . 
S u b s t i t u t i n g  i t  i n t o  formula 

( 1 )  and e f f e c t i n g  the  corresponding 

t ransformat ions ,  we ob t a in  f o r  t h e  

p r o b a b i l i t y  of i o n i z a t i o n  from t h e  

ground s t a t e  t he  fol lowing expression : 

where q .r 11605 % /T . 
It may be shorn t h a t  s i m i l a r l y  t o  t h e  known loga r i t hm 

i n t e g r a l  r e p r e s e n t a t i o n  i n  t he  form of  f i n i t e  sum, the  fol lowing 

erurrelation is v a l i d  : 

I - (r' + 2. where I I Rn I <d7. I provided N < 1 
b %I 

----, applying t o  each of t he  i n t e g r a l s  ( 3 )  formula ( 4 )  
with  two addends i n  t h e  sum, we f i n a l l y  ob ta in  - -- - 

P .w. b-7  2 2 q * $ 4 $ - 8 $ - d  L*= i;it.*-& 4 
C. If< p.j- XI F 
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Inasmuch as t h i s  formula,  as may be seen  from t h e  es tk-  

mate of % , gives  s o  much the  g r e a t e r  e r r o r  as t h e  temperature 
4 6 is  h ighe r ,  we computed Q f o r  t h e  t h r e e  va lues  Te = 1 0  , 1c5, 1 0  O K  

i k  
by numerical i n t e g r a t i o n  d i r e c t l y  by formula ( I )  wi th  t he  experi -  

mental va lues  of q ( E )  from Fig.  1, The r e s u l t s  o f  the  numerical 

i n t e g r a t i o n  f o r  the  i n d i c a t e d  temperatures  gave r e s p e c t i v e l y  
4 

Qgi= 1.14 4.47 loo9 and 3.11 loo8,  

whi le  according t o  formula ( 5 )  

Qli = 1.25 4 1 0 ~ ~ 5 ;  5.71 * 1 O 9 9 ;  7.63 * l o - * .  

Thus, t h i s  formula may be u t i l i z e d  t o  T 6 1 0  000' K with a pre- 

c i s i o n  t o  2%. 

We p l o t t e d  i n  Fig .2  the  dependence of l g  (q i /ne )  on 

l o g  T f o r  q ( E )  corresponding t o  the  experimental  d a t a  (5). 

I f  we take  i n t o  account t h a t  i n  t h e  f i n a l  exprsss ion  of 

formula (3.2) of re fe rence  [41 t h e  signs- must s t a n d  i n s t e a d  of  

s i g n  +, t he  corresponding approximate formula i n  our de isgna t ions  

s h a l l  have the  form : 

which is only 2.5 times more tham &li according t o  formula (5). 
C L e t  us  note  t h a t  as a consequence of  t h e  i nd ica t ed .  e r r o r  t h e  

p r o b a b i l i t i e s  of  %f i n  Table 3 of  re fe rence  C41 a r e  ove r r a t ed ,  LY 

f o r  example f o r  n = 1, 32 t imes,  

On the  o t h e r  hand the  p r o b a b i l i t i e s  of  i o n i z a t i o n  from 

t h e  ground level,coniputed by Sobolev c33 according t o  Fabrikantqs  

formula,are about twice s m a l l e r  than  those  computed by us. 

For  t h e  determinat ion of  t h e  t o t a l  number of  hydrogen atom 

i o n i z a t i o n s  i t  is necessary  t o  a c c o ~ n t ~ f o r  t he  i o n i z a t i o n s  from 

e x c i t e d  l e v e l s ,  as t h i s  was shorn i n  [71. The i o n i z a t i o n  p r o b a b i l i t y  
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